SUMMARY The auditory response cradle is being used in a mass hearing screening project. Babies are assessed in the first week after birth by the fully automatic, microprocessor controlled cradle. The test, lasting from two to 10 minutes, compares physiological auditory responses to natural behaviour measured in control trials. More than 5000 babies have been tested and full follow up information at the age of 7 to 9 months is available from over two thirds of these. Less detailed information is available for 71% and 64% of those babies who have been followed up at 18 months and three years of age respectively.
The importance of the early detection of hearing impairment has been stressed by all those dealing with the deaf.' 2 An intact auditory pathway is essential for the acquisition of speech and language and as the critical time for the development of these skills is during the first two years of life, early diagnosis is highly desirable.3 The earlier the hearing loss is identified the sooner appropriate management can be instituted that will allow the child to achieve his full potential. 4 In an attempt to achieve early diagnosis a 'high risk' register has been widely used but only approximately 50% of hearing impaired babies are on such a list.5 6 More centres have recently begun to use auditory evoked potentials, in particular brainstem responses, for the differential diagnosis of hearing impairment.7 These procedures, however, are time consuming, require expensive equipment, and need skilled personnel for interpretation,8 all of which tend to negate their use for mass screening.
Traditional techniques for the assessment of hearing in children aged up to 2 years have centred around the observation of behavioural responses to sound. Below the age of 6 to 7 months this is exceptionally difficult. Although child development patterns are well documented, observer bias, lack of testing standardisation, and inexperience affect the reliability of response detection and classification.
In neonates the situation is little better as there is need to distinguish spontaneous activity from specific responses to sound; strict conformity with arbitrary criteria has resulted in high false positive and negative rates.9-11
The auditory response cradle was developed to classify neonatal responses to sound accurately. These responses were measured and subjected to statistical analysis in extensive research trials'2 13 and the automatic, microprocessor controlled auditory response cradle was designed from the results obtained. The auditory response cradle consists of a trolley mounted unit comprising a pressure sensitive mattress and head rest (Figure) . These incorporate non-contacting sensors for head turn, startle or head jerk, '4 16 body activity, and respiration.13 i5 A 2600
Hz high pass noise of 85 dB SPL is used as the test stimulus and is presented via close coupled ear probes fitted with tips similar to those used for acoustic impedance testing. High pass noise is used because of the prevalence of high frequency impairment among the congenitally deaf. The sound 504 Figure A baby Neonates failing the auditory response cradle screen are retested on a separate occasion during their hospital stay as it is necessary to eliminate those who fail the first screen because of unresponsiveness which may be unrelated to deafness (for example deep sleep, jaundice, or traumatic delivery). Babies in special care units are tested on their discharge from the unit.
The study presented in this paper is an evaluation by long term follow up of the effectiveness of the auditory response cradle hearing in neonates.
as a device for screening Method Subjects. A total of 5553 newborn infants (weight 2-27 to 5 kg) have been tested in the auditory response cradle to date. Some 4861 of the 5553 babies have been followed up at the age of 7 to 9 months by a clinic hearing screen, 2853 have been followed up at 18 months by questionnaire, and 1026 have been followed up by a further questionnaire at the age of 3 years. Babies are tested in the auditory response cradle at any time during their hospital stay, although it has been found that waiting until at least two days after birth and using the period one hour after a feed to one hour before the next feed ensures a more settled baby. The mother is approached on the ward to obtain informed consent and the nursery nurse, who carries out the test, completes a questionnaire which helps to determine whether or not the baby is 'at risk' for deafness using the following criteria:
(1) A 88 (1-6% ) (5) (1)
(1) (3) (3) (1)
(1) was observed. The child is now 3 years old and wears two Phillips 8146 hearing aids (volume setting 5). Unaided, localising responses were obtained to a drum and xylophone at 100 to 110 dB HL and aided, the following responses were obtained bilaterally-55 dB HL at 250 Hz and 500 Hz; 65 dB HL at 1 kHz; no response at 2 kHz and 4 kHz.
The second child did not return for the repeat auditory response cradle test and information was next obtained via the three year questionnaire which described him as having poor speech development. He lived too far away to attend a recall, but results from his local audiology clinic showed him to have a profound high frequency hearing loss. Of the remaining 7 infants who did not attend for retest, 6 were cleared at the 7 to 9 month child health clinic screen, and the child who did not attend this clinic screen was subsequently cleared by both the 18 month and three year questionnaires. One of these 6 was tested by electrocochleography at 14 months of age and was found to have a severe bilateral sensorineural loss. This is believed to be evidence of a hereditary progressive loss as an elder sibling has been exhibiting a similar loss for 7 years. The remaining five babies passed when tested again; three of them had secretory otitis media. (Many more than three children actually failed the 7 to 9 month screen due to secretory otitis media but were recorded by the child health clinic as having passed if the middle ear dysfunction had resolved when they were tested again).
Despite exhaustive follow up, 884 babies (18-4%)
have been lost at this stage of the programme. Reasons for failing follow up are listed in Table 2 . The largest group is the 'no information available' group which includes babies for which no test results have been received. The district health authority presumed that they had not attended clinic or had moved. No further follow up was carried out by the clinic as these children were by then well over 18 months old. The number of losses from this group is reduced by subtracting the number of 18 month or 3 year questionnaires that have been returned with satisfactory replies. The losses due to 'moved out of follow up area' are reduced in the same manner by subtracting from the number of 18 month or 3 year questionnaires returned with satisfactory replies. Another large group of losses is that of 'non attendance' and represents the children who did not attend the clinic screen on two consecutive occasions. This number is also reduced by the follow up questionnaire. figure  recommended by the Department of Health is that of 6000 children to be followed to the age of 3 years.
Thus far nearly 5000 infants have been followed to age 9 months, 3000 to age 18 months, and 1000 to 3 years and the indications to date are most promising. The false positive rate of 1-1% is acceptably low for a screening device and compares favourably with that reported by Shepard20 in a 'modified mass screening programme'. The cradle was designed to detect moderate and severe non-recruiting hearing losses and as shown in Table 1 , 12 infants have been confirmed as having a hearing impairment. The detection of unilateral sensorineural loss was not one of the aims of the research programme as this condition does not affect the acquisition of speech and language appreciably. As the sound stimulus was presented to one ear only in most infants tested, it follows that only approximately 50% of unilateral losses will be detected; in practice two neonates with a unilateral loss have been found.
The finding of three neonates with serous otitis media has important implications. In the trials with the prototype apparatus'4 it was found that neonates have a very sharply defined behavioural threshold to acoustic stimuli. This varied with the type of stimulus used and was measured to be 72 dB for broad band noise. In each case the reduction of the intrameatal sound pressure level by 5 dB below this threshold caused the response rate to fall to that of the 'no sound' control trials. This behavioural reaction can be likened to a simple muscle reflex, for example the stapedius reflex. Because of this it was originally hypothesised that if the test sound level was set at 15 dB above the measured threshold, infants with losses in excess of this would have their response rate reduced to the control value and would fail the auditory response cradle test. It was consequently expected that both moderate and severe losses could be detected by the screen. The presence of the three babies with middle ear dysfunction in the fail group seems to support the hypothesis, as hearing losses from this condition of greater than 40 dB are unlikely and cannot be greater than 60 dB on a pure transmission basis.
As previously described, babies confirmed deaf within the first few months of age did not attend their local child health clinic at age 7 to 9 months as they were referred to specialist audiology units. For this reason only one baby is shown in Table 2 as having previously failed the auditory response cradle test.
Follow up losses in screening programmes are inevitable. During the neonatal period only one of the 89 infants recalled for testing (Table 1) was lost to follow up. At this stage of the programme, losses were kept to a minimum by providing transport for any mother and child otherwise unable to attend.
After the neonatal period the loss to follow up increased considerably-18-3% at 7 to 9 months; 28% at 18 months; 36% at 3 years. The gross loss of 18-3% was reduced to a net loss of 11-3% by means of questionnaires as described previously. This is a more satisfactory figure and represents a follow up loss mainly due to families who have moved and left no forwarding address. At the 18 month and 3 year follow up, the attendance rate of children recalled was 100% as transport was provided whenever necessary. The follow up losses at these two stages of the programme were almost entirely due to families having moved. The increasingly greater loss to follow up with time in this evaluation study reinforces the need to screen when the largest proportion of the population is available-in the newborn nursery. A programme is currently being carried out to trace all children via their family doctor, the community health service, and the local housing department.
The auditory response cradle validation study will be complete when every neonate originally tested with the cradle has been followed up to the age of 3 years. The infants who failed the cradle test but were subsequently cleared are being kept under careful review and will all be recalled for pure tone headphone audiometry, impedance testing, and a speech discrimination test. It is anticipated that these goals will have been achieved by 1986. A number of other centres are now equipped with the auditory response cradle and further validation will be forthcoming. 
